This article presents discussion of the assessment of the exposure of children to fungi, substances derived from fungi, and the environmental conditions that may lead to exposure. The principles driving investigations of fungal contamination and subsequent exposure are presented as well as guidelines for conducting these investigations. A comprehensive description of available research sampling and analysis techniques is also presented.
Respiratory diseases and their symptoms in children have been associated with dampness and the amplification of fungi in homes (1) (2) (3) (4) (5) . Several investigators have found evidence supporting the possibility that airborne secondary metabolites produced by fungi, i.e., mycotoxins, and (1--3)-P-Dglucans, present in the cell wall of most filamentous fungi, may contribute to respiratory symptoms (6) (7) (8) (9) . Opportunistic fungal infections are rare in children but may occur in the immunocompromised (10) (11) (12) (13) .
The public health professional must be able to recognize and define hazards associated with fungal amplification in buildings, including the residential environment. Confounding these tasks, however, is the fact that the current body of knowledge is inadequate to identify hazards definitively. The lack of good quantitative methods to assess fungal exposure is one of the primary reasons that knowledge about fungalrelated respiratory health risks is poor. Consensus has been reached by several professional groups on the following principles: fungal growth in homes or buildings is unacceptable, such growth should be removed and further contamination prevented, and the intrusion or accumulation of moisture in a home or building is the primary factor inducing fungal amplification (14) (15) (16) . These principles stress the importance of the prevention or removal of the potential for exposure to fungi or agents derived from fungi.
Planning and Conducting Exposure Assessment
Guidance has been given for exposure assessment involving building-related illnesses and symptoms (i.e., sick building syndrome) (14, 16, 17) . Many of the same concepts apply to the residential environment and to assessment of exposure of children to fungi and substances produced by fungi.
Defining the Objectve
Prior to the planning or execution of exposure assessment, the objective should be formulated. The possibilities are numerous; a few examples are offered: * To determine the precise nature and extent of proliferation and transport of fungal contaminants * To judge the success of remedial and behavioral changes * To establish the cause of diagnosed disease * To link environmental conditions or activities with symptoms The format of the objective may be a simple specific question, e.g., Are fungi growing in a home? The question may be much more complex, e.g., Does fungal contamination in the residential environment increase the severity and frequency of asthmatic attacks? The former question might be answered by visual evidence of growth. The latter would require an epidemiologic investigation including not only documentation of fungal contamination but also documentation of the following: the presence of fungal antigen(s) to which children have developed sensitivity, evidence of the presence of inflammatory agents that could aggravate asthma, evidence of a means by which exposure to the antigen(s) and inflammatory agents could occur, and documentation of the severity and frequency of attacks over the course of the study. An epidemiologic study requires a formal statement of a statistical hypothesis, e.g., the severity and frequency of attacks in children with asthma in homes contaminated with fungi are equal to the severity and frequency of attacks in children with asthma in homes that are not contaminated with fungi. It should be recognized, however, that disproving this hypothesis, and thereby demonstrating an association, does not prove causality. (25) . A longer review of these issues can be found elsewhere (8) .
To illustrate this point, (26) have reviewed data from dilution-plating soil samples over about a 1-year period in comparison to measurements of hyphal growth in the soil. Typically, they found no statistically significant correlation between the two such measures, the latter being a direct measure of fungal activity. Fully 85% of the cultures found by dilution plating are of species not active in the ecosystem (27) .
On the other hand, the direct measurement and plating of bulk samples (soil crumb method) is the most useful nonbiochemical method of measuring fungal activity in samples. This technique minimizes emphasis on species that are inactive in the system. Using this technique, the analysis of settled dust samples for culturable fungi may provide evidence of exposure integrated over time. In one study, measures of CFU in house dust were associated with greater surface area of visible mold growth and higher moisture source strength (2) . Some investigators caution that measures of biocontamination in settled dust may not represent concentrations in air (28) . Because settled dust contains nutrients, settled-out fungal spores may grow at high humidity (29) .
Dilution plating has considerable value in determining the total diversity of species present in a sample, and there is some evidence that the data from many replicates produce data that are related to the absolute value (30) . When species grown from air samples taken indoors are compared to the species grown from samples taken outdoors, a difference in rank order remains a meaningful indicator of biologic contamination within the building. It is 
Total Fungal Propagule Counts
Fungal propagules collected on a filter or on a sticky surface such as that incorporated into the Air-O-Cell cassette (Zefon, Inc., St. Petersburg, FL) can be counted microscopically to yield a measure of total (culturable and nonculturable) fungal mass in an air sample. Propagules in a surface sample taken with sticky tape or in a bulk sample can also be counted microscopically. These techniques have been described in detail in other publications (14, 16, (31) (32) (33) (34, 35) . The quantity of ergosterol in a fungal spore is a function of surface area (34) and growth conditions (35) . The ratio of ergosterol to spbre mass for 11 species of fungi commonly bund in indoor air has, however, been demonstrated to be reasonably constant at 1 ± 0.25 jg/g (34) .
In most indoor environments, ergosterol will be a specific measure of fungal mass because it is not present in vascular plants, although it is found in algae and protozoa (35) . Ergosterol is determined by gas chromatograpy with mass spectrometric detection (GC-MS) with a sensitivity that will allow determinations in air samples taken for 24-48 hr (34) . There is experience in measuring ergosterol in house dust and air (34) (35) (36) .
In addition to the suspected health effects of (1 -*3)- (40) . EPS usually have an antigenic specificity at the genus level, while EPS from Aspergillus and Penicillium spp. are cross-reactive. The quantity of antigens produced by molds is fairly related to the quantity of mycelium, and antigens are produced under almost all growth conditions (41) . This demonstrates the potential usefulness of EPS as quantitative markers for mold biomass, not only in food products but also in the general and occupational environment. A highly specific sandwich EIA has been described by Kamphuis et al. (42) with which EPS of Asp/Pen can be measured. This method recently has been applied successfully in an indoor study (39) . Three other sandwich EIAs have recently been developed for the specific detection of mold spp. from three other mold genera: Alternaria, Mucor, and Cladosporium. Application of these assays on environmental samples would thus allow partial classification of the mold genera present. The determination of EPS is an experimental method and has not yet been routinely applied in indoor studies.
Volatile organic compounds produced by fungi may also be suitable markers of visible or hidden fungal growth because the compounds may permeate porous walls in buildings (14) . It has been suggested that these compounds, which have been termed fungal MVOCs, may also cause respiratory symptoms, but no supporting evidence has been offered (43) . They are collected on a solid sorbent (Anasorb 747; SKC Inc., Eighty Four, PA), extracted with methylene chloride, and determined by GC-MS (14) . The method is sensitive, allowing determination of a concentration of about 10 ng/m3 in 25-L air samples. About 15 MVOCs are emitted by fungi, although some are emitted by bacteria as well. 3-Methylfuran has been used as a measure of active fungal growth, 1-octene-3-ol as a measure of inactive growth, and geosmin as an indicator of either active or inactive growth.
Mycotoxins
Instrumental methods, particularly highperformance liquid chromatography (HPLC) and GC, and immunoassays exist that may be adapted to determinations of mycotoxins by collection on membrane filters in long-term air sampling, corresponding to air volumes greatly in excess of a cubic meter or to determinations in settled dust. However, many of these methods were developed specifically for the determination of mycotoxins in food stuffs, e.g., aflatoxins, that rarely amplify in indoor environments (44) . Recent and ongoing research has provided methods for mycotoxins produced by fungi that grow in water-damaged buildings. For example, methods utilizing HPLC-thermospray mass spectrometric analysis and GC-negative ionization mass spectrometric analysis have been developed for the determination of macrocyclic tricothecenes (45, 46 including sterigmatocystin produced by A. versicolor (47) .
Cytotoxicity assays based on application of membrane filter extracts to cell cultures have been useful in studies involving potential exposure to mycotoxins (48) , and demonstrate adequate sensitivity for fixedpoint air sampling or for determinations in settled dust. The method detects the presence of many cytotoxins, including endotoxin. However, the lack of specificity does not preclude the use of the method as a screening tool.
A recently developed method employing filter sampling has demonstrated the ability to quantify the toxicity of tricothecenes in personal samples using a sensitive in vitro protein translation assay (49) . This technique may be the first to allow personal sampling that is a quantitative measure of the primary biologic effect of a mycotoxin. The method is 400 times more sensitive than a cell culture-based cytotoxicity assay. Also, the protein translation assay is a more specific measure of toxicity because the primary effect of tricothecenes is inhibition of protein synthesis. Initial field testing has indicated a strong correlation between mycotoxin activity and the presence of toxigenic fungi determined by culture methods.
Fungl Aliergens
Only a few major fungal allergens can be measured in house dust (50) . Few have been characterized, and allergen stability and production may be highly variable (51) .
Other Measures of Fungi
The polymerase chain reaction (PCR) is a highly specific molecular biology technique that has been used more and more frequently in the diagnosis of mycotic infections, including aspergillosis, and in the identification of mold contaminants in grains and other foodstuffs (52) (53) (54) (55) (61) . Lack of analytical sensitivity precludes personal sampling for many fungal agents, but a few methods among the methods discussed earlier will allow the determination of average concentrations over periods representative of many exposure situations (1-24 hr). These methods include the LAL method with Factor G for (1->3)-I3-D-glucans (37) , the determination of MVOCs (14); and the protein translational assay for tricothecenes (49 
